saline (ThermoFisher #14190) at a ratio of 1:50 with wildtype myoblasts. After one hour, growth media was changed to differentiation media to induce myoblast fusion. After 48 hours, fresh media containing 2 μg/mL doxycycline was added to induce RFP expression. After 72 hours, cells were fixed and labeled with Hoechst 33342 (Sigma #B2261) and the Click-iT™ Plus EdU Alexa Fluor™ 488 Kit (Invitrogen #C10637) according to the manufacturer's protocol.
In Situ Hybridization
In situ hybridization was performed on myotubes derived from fusion of myoblasts, as described in Material and Methods "Cell culture" section, on 4 chamber culture slides (Millicell EZ slides, #354114) coated with 0.1 mg/mL poly-L-lysine hydrobromide (Sigma #P6282), 50 µg/mL type I collagen, 10 µg/mL fibronectin (Sigma # F1141) and 10 µg/mL laminin (Sigma #L2020). Briefly, cells were fixed in 4% paraformaldehyde (PFA, Sigma #P6148) in phosphate buffer (PBS), washed three times with PBS, incubated with Proteinase K solution (1 µg/ml Proteinase K in 50 mM TRIS.CL pH 7.5, 5 mM EDTA) for 5 min and PFA-fixed and washed with PBS as before. Slides were subsequently treated with an acetylating solution (2 mM HCl water solution containing 14 µl/ml triethanolamide, 2.5 µl/ml acetic anhydride) for 10 minutes, washed with PBS and incubated with hybridization solution (50% formamide, 5x saline-sodium citrate (SSC) buffer, 5x Denhardt's Solution, 250 µg/ml Yeast RNA, 500 µg/ml Herring sperm DNA, 20 mg/ml blocking reagent from Roche) for 1 hour in a chamber humidified with a 50% formamide/5X SSC solution. All steps were performed at room temperature (RT). Slides were subsequently incubated overnight at 70°C with labelled probe diluted in hybridization solution, followed by washes with a 0.2X SSC solution at 70°C for 1 hour and with B1 solution (0.1 M Tris-Cl pH 7.5, 0.15 M NaCl, 10% heat inactivated fetal bovine serum) for 1 hour at RT, and an overnight incubation with anti-digoxigenin-alkaline phosphatase Fab fragments antibody (Roche #11093274910) diluted in B1 solution at 4°C in a water humidified chamber. Slides were then washed with B1 solution and equilibrated in B3 solution (0.1M Tris-Cl pH 9.5, 0.1M NaCl, 50mM MgCl2) before incubation with developing solution (10% polyvinyl alcohol, 100 mM Tris-Cl pH 9.5, 100 mM NaCl, 5 mM MgCl2, 0.24 mg/ml levamisol) containing NBT (Roche #11383213001) and BCIP (Roche #11383221001) at RT. The developing reaction was stopped by placing the slides in water, and after several washes the slides were mounted using Aquatex mounting medium (Merck #1085620050). Labelled probes were produced from in vitro transcription of linearized plasmid containing the sequence for mCherry, tdTomato or DsRed-Express2 using the Dioxigenin RNA labeling kit (Roche #11175025910) according to the manufacturer's protocol. Probes were purified using Microspin G-50 columns (GE Healthcare #W9838404) and stored at -20 °C.
Western Blots and RFP Half-life Quantification
Sorted RFP + myoblasts were seeded at 1.5 million cells/well in collagen coated 6-well plates in growth media. After four hours to allow for cell attachment, media was changed to differentiation media. After 48 hours, differentiation media was replenished with 2 μg/mL doxycycline to induce RFP expression. Negative controls (NC) were not given doxycycline. After 72 hours, cells were washed once with PBS and given fresh differentiation media without doxycycline. Protein was collected at subsequent timepoints using doxycycline withdrawal as T=0. Cell extracts were lysed in RIPA buffer (50 mM Tris pH 7.5; 150 mM NaCl; 1 mM EDTA; 1% (w/v) TritonX-100; 0.5% (w/v) Na-deoxycholate; 0.1% (w/v) sodium dodecyl sulfate (SDS); 20 mM glycerol-2-phosphate; 5 mM sodium pyrophosphate) supplemented with phosphatase and protease inhibitors and total protein was extracted. Protein concentration was determined by Bradford Protein Assay following manufacturer's instructions (BioRad). 10 μg of protein were separated by SDS polyacrylamide gel membranes (PAGE) and transferred to PVDF membranes. After blocking with 5% skim milk, blots were incubated overnight at 4 ºC with Anti-RFP primary antibody cocktail (Rockland #600-401-379) diluted in 0.1% bovine serum albumin (BSA). After washing, membranes were incubated with horseradish-peroxidase-conjugated secondary antibodies for one hour at room temperature. Blots were visualized by enhanced chemiluminescence (GE Healthcare) and exposed on Chemidoc (BioRad). Band densitometry was performed using FIJI (Fiji Is Just ImageJ, http://fiji.sc) and halflives were determined by fitting a first-order exponential decay to the intensity values (Prism 8, GraphPad).
Reporter Protein Imaging and Analysis
Time-lapse epifluorescence microscopy was used to monitor transport of the RFP-cNLS fusion proteins in living myotubes. Cultures of transfected myotubes were stained with 100 ng/mL Hoechst 33342 (Sigma #B2261) for 30 minutes at 37 °C in differentiation medium. Afterwards the medium was replaced with fresh differentiation medium supplemented with 2 µg/mL doxycycline to induce RFP-cNLS expression. The production and transport of the RFP-cNLS proteins were then monitored for 24 hours (20-minute imaging interval) with temperature and carbon dioxide control (Zeiss Cell Observer).
For bulk analyses, myoblasts were fixed with 3.7% formaldehyde for 20 minutes at room temperature and stained with 10 µg/mL Hoechst for 10 minutes. For analyses requiring visualization of mitochondria, 500 nM of MitoTracker Deep Red (Invitrogen #M22426) was added to culture media for 30 minutes prior to fixation. Whole well scan slides were used to image the RFP-cNLS fusion proteins and nuclei within differentiated myotubes (Olympus IX73). ImageJ was used to quantify the relative distribution of RFP-cNLS within myonuclei. Briefly, myonuclei within transfected myotubes with greater than 5 nuclei were outlined and the background-corrected average RFP fluorescence and position of each nucleus were measured. The nucleus with the highest average RFP fluorescence within a myotube was assumed to be the transfected myonucleus and all other nuclei were considered 'neighboring'. The average fluorescence of all 'neighboring' myonuclei were normalized to the transfected nucleus and their linear distances from the transfected nucleus were calculated. The 'neighboring' nuclei were binned (bin size = 50 µm) based on their distances from the transfected nucleus and the relative RFP signal intensities were plotted versus distance from the transfected nucleus. The quantitative results presented in Fig. 2B are used as controls for comparison in Fig. 3 . The results presented in Fig. 4 are used as controls in Fig. S6 . To measure myotube width, ImageJ was used to measure the widest section of Hoechststained myotubes.
To quantify the distribution of the fluorescent proteins fused with a mitochondrial localization signal, the average intensity of the fluorescent construct within 10 µm sections of the myotubes were normalized to the average MitoTracker fluorescent intensity within that same section. Distances and fluorescent intensities were then normalized to the section of the myotube with the highest local signal. Data were binned by distance (bin size = 50 µm) and were plotted versus distance from the section of the myotube with the highest local signal.
Immunocytochemistry
For targets requiring immunocytochemical detection (Six1-myc and fibrillarin), cells were fixed with 3.7% formaldehyde in DPBS with Ca/Mg ++ for 20 minutes at room temperature, permeabilized with 0.2% Triton X-100 for five minutes, and blocked with 1% bovine serum albumin for 30 minutes. Primary antibodies against fibrillarin (mouse monoclonal, Abcam # ab4566) or c-Myc (rabbit polyclonal, Sigma # C3956) were added at 1:500 dilution for 2 hours followed by washing and incubation with secondary antibodies (Goat anti-Mouse IgG AF488 (Invitrogen# A-11001) or Goat anti-Rabbit IgG AF488 (Invitrogen# A-11008)) at 1:1000 for 1 hour. Nuclei were counterstained with DAPI (Life Technologies# D1306) at 500 ng/mL for five minutes prior to imaging. Cells were imaged on the Cell Observer widefield (Zeiss) or LSM700 confocal (Zeiss) microscope.
Mathematical Model
To model RFP-cNLS transport, MATLAB (MathWorks) was used to simulate a symmetrical cylindrical myotube with spherical myonuclei evenly distributed along its center. The 'transfected' myonucleus was positioned at the center of the myotube (left boundary of the model). The production of RFP-cNLS was assumed to be constant with time and to decrease linearly over 150 µm from this boundary. A reflecting boundary (∇C = 0) was imposed at the end of the myotube (right boundary) to prevent proteins from exiting the simulation. The transport of the RFP-cNLS was modeled only in the longitudinal-dimension (radial and azimuthal symmetry were assumed). The simulation included cytoplasmic diffusion, protein half-life, facilitated nuclear import, and diffusion across the NPC, leading to the governing equation:
where D is the cytoplasmic diffusion coefficient, k is the protein half-life, I is the facilitated nuclear import function, DN is a coefficient governing the rate of diffusion across the NPC, and CN is the local nuclear concentration of RFP-cNLS. The facilitated import function, I, was a step function that was defined as a positive constant in the perinuclear areas of the myotube and as zero elsewhere.
To approximate these coefficients, we relied on published diffusion coefficients for proteins in cytoplasm, 28 measurements of nuclear import rates, 23 NPC density 29 and fluorescent protein halflife 30 . Morphological parameters (i.e. nucleus diameter, myotube width, etc.) were approximated based on observations of myotubes in culture, leading to an initial set of parameters for the simulation (Table 1) .
Statistical Analysis
Statistical analyses were performed using Prism 8 (GraphPad Software, Inc.). Differences between more than two groups were assessed by two-way analysis of variance with a Bonferroni post-test to compare means. An unpaired t-test was used to compare means between two groups. A p-value less than 0.05 was considered statistically significant. All data are presented as mean ± standard error of the mean (SEM). where the EdU + nucleus, and thus the RFP-cNLS expression cassette, were found separated from the 'peak' of the propagation gradient. The scale bars represent 100 µm in B. Table 1 ). The propagation of RFP-cNLS extended following hypertrophy without the addition of myonuclei (black line to blue line), but additional myonuclei could be added (red line) to recover the original propagation profile. 
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